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Abstract 
Based on groundwater flow equation and static equilibrium equations, coupling model of seepage and stress field of 
Hefeng landslide was built by FLAC3D software, and then revival deformation mechanism was analyzed. Results 
show that, landslide displacement constraint at the toe of landslide occurred for osmotic pressure while the reservoir 
water rises to 173 meters, and reservoir water don’t lower the stability of accumulative landslide. But displacement 
constraint at the toe of landslide gradually reduced while reservoir water drops from 173 meters to 169 meters, and 
deformation at front border is bigger than rear border, and displacement vectors toward outside slope, so reservoir 
water dropdown would lower the stability of such accumulation landslide, and then the left part of landslide revived.  
© 2011 Published by Elsevier Ltd. 
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1. Introduction
The reservoir landslide is closely related to the large cyclical fluctuations of water level in the process
of reservoir construction and operation [1]. Take Three Gorges Reservoir for example, most landslides are 
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gradually accumulated in the process of rock slope incision, and its stability is better in natural state, but 
when external conditions changes, it is possible to slide again, groundwater effect is one of the most 
active and positive external factors in resurrection of the talus slide[2]. So it is important significance in 
theory and engineering practice to accurately evaluate the effect that the fluctuation of reservoir water 
level impact on the revival deformation of landslide. 
Because the large cyclical fluctuations of reservoir water level which changes the distribution of 
seepage field of landslide, and it changes stress state of landslide, and it lead to the seepage field changes 
conversely [3]. Therefore, under the coupling effect of the seepage field and stress field, the sliding mass 
is easy to failure partially or totally in the condition of the fluctuations of reservoir water level. 
At present, the research on the revival deformation of landslide often ignored the coupling of seepage 
field and the stress field in the condition of the fluctuations of reservoir water level [4], so a large 
difference exists between the calculation result and the actual result. This paper analyzes the revival 
deformation mechanism under the conditions of the interaction between the stress field and the seepage 
field. It provides a scientific foundation for the accurate prediction of landslides and has the important 
reference value for the revival deformation of similar landslide. 
2. Coupling Model of the Stress Field and Seepage Field 
Sliding mass is formed by the boulders, and it is of compression and meets three-dimensional unsteady 
seepage Darcy’s Law. Under the condition of the fluctuations of reservoir water level the model of 
seepage field affected by the stress field is expressed in reference [5].The body force produced by the 
above-mentioned seepage loads on the stress field, and then stress field model affected by the seepage 
field was gained in reference. 
When the reservoir water rises or falls, seepage in sliding mass changes from steady to non-steady it 
leads to the groundwater moving, at this time the volume force is produced on the soil and then it cause 
the change of the stress field and the displacement field, and then soil porosity of the slide mass changes, 
and last the seepage coefficient changes. So a three-dimensional coupling computational model of the 
seepage and the displacement is established. 
3. Basic Geological Characteristics of Hefeng Landslide 
Hefeng landslide is a large-scale old rock landslide, and front border has been treated to be stable in 
2001. However, during the trial impoundment of Three-Gorge Reservoir in Sep, 2008, the reservoir water 
level descended from 173m, strong deformation accrued with water level fluctuation in the untreated area 
(short for strong deformation region). This region lies in the mid-front of this landslide (Fig. 1).
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Fig. 1. Geological profile of Hefeng Landslide 
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The strong deformation region is higher in southeast and lower in northwest with the altitude of 150m 
in front and 207m in back. The average wide is about 200m, and plane area is 2.48×104m2, Landslide 
body is average 17.8m thick and its volume is 4.42×105m3。The permeability coefficient of the landslide 
body is 8.41×10-7 meter per second, which is formed by the slump of silty mudstone, marlstone, and 
limestone of Badong Group (T2b) of Mid-Triassic system. 
4. Hefeng Landslide Reactivating Mechanism 
The saturation line in landslide body during rising and descending of the reservoir water are obtained 
on the base of the real water table in 2008 in Three-Gorge Reservoir. 
Fig. 2 shows saturation line of ground water in different times during reservoir water rising (t=5days, 
10days, 15days, 20days, 23days).  
It can be seen that the rising of ground water is obviously lag behind the reservoir water from figure 
2.The angle between the saturation line and the negative direction is larger than 90 degree. And this angle 
is gradually decreased with time. When time reaches to 23 days, the saturation line is almost vertical, 
which indicates that reservoir water mainly supply the ground water in the horizontal way and the ground 
water produces seepage force normal to the saturated surface and directs into the landslide. 
Elevation（m）
Distance（m）
 Fig. 2. Saturation lines in landslide body (impounding time from 5days to 23days) 
Reservoir water began to descend from the elevation of 173 meter when impoundment time reaching 
to 23 days. Fig. 3 shows saturation line of ground water in different times during reservoir water 
descending (t=33days, 50days, 80days, 116days, 135days, 154days). 
Elevation（m）
Distance（m）
Fig. 3. Saturation line in landslide body (impounding time from 33days to 154days) 
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From figure 3, when the impounding time reached between 23 days and 33 days, the hydro dynamic 
effects transited from mainly seepage force to seepage force and uplift force together.  
The pore water press gradually increased and the seepage force gradually decreased. When the 
impounding time reached between 33 days and 116 days, the seepage force directed into landslide, it 
indicated that when the reservoir water descended, it still supplied the ground water. When the 
impounding time passed 116days, the saturation line in the landslide basically is lower in the landslide 
surface and slide surface and is higher in landslide body. The reservoir water is supplied in the landslide 
and drained outside the landslide, so there are the seepage force directing into the landslide and the 
seepage force directing out of the landslide. The supply in the landslide is gradually week and the 
drainage outside the landslide is gradually strong with the time. 
Therefore, the mechanical effect of the reservoir water on the condition of this permeable coefficient is 
mainly seepage force, so it is the type of seepage force landslide. In order to analyze revival deformation 
mechanism of Hefeng landslide with coupled seepage and stress fields accurately, A three dimensional 
Calculation model (Figure 4) was built based on Tecplot software, and then Software FLAC3Dwas used to 
analyze the revival deformation of the landslide while the reservoir water level fluctuate up and down. 
Figure 4 shows the Three-dimensional displacement contours of Hefeng landslide with 173m water 
conditions, the old landslide boundary was expressed as black lines, the displacement of landslide was 
affected mainly by topography under natural conditions, However, under 173 meter storage condition, but 
the displacement occurred within the range of reservoir water, and displacement appeared banded regions 
along Yangtze river, and all displacement vector towards inner slope. So a displacement constraint at the 
toe of landslide occurred while the reservoir water rises. Similarly, due to the influence of topography, 
constraint effect is more significant at the left Landslide because the gully exists here, so displacement 
increment within banded regions is greater than other parts of landslide. 
Figure 5 shows the Three-dimensional displacement contours of landslide while reservoir water drops 
from 173 m to 169 m, and front boundary of resurrection was expressed as black lines. 
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Fig. 4.  Displacement contours (173m) 
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Fig. 5.  Displacement contours (173 m to 169 m) 
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Displacement of landslide can be clearly divided into strong and weak deformation zone, and 
displacement at left boundary is significant greater than right boundary, and displacement of strong 
deformation zone occurred in 2001 also increases and scope of strong deformation zone in 2001 expanded. 
So a new strong deformation zone occurred while reservoir water drops in 2008, it was expressed as red 
lines. So a displacement constraint at the toe of landslide gradually reduced, and deformation at front 
border is bigger than rear border, and displacement vectors towards outside slope. 
5. Conclusions 
The following conclusions were obtained by analyzing Hefeng landslide in the Three Gorges 
Reservoir based on FLAC3D.
(1) While the reservoir water rises to 173 m, saturation line is almost vertical, so reservoir water 
mainly supply the ground water in the horizontal way and the ground water produces seepage force 
normal to the saturated surface and directs into the landslide. 
(2) While the reservoir water drops from 173 m to 169 m, the hydro dynamic effects transited from 
mainly seepage force to seepage force and uplift force together. The pore water press gradually increased 
and the seepage force gradually decreased. 
(3) Displacement constraint at the toe of landslide occurred while the reservoir water rises to 173 
meters, and reservoir water don’t lower the stability of accumulative landslide.  
(4) While reservoir water drops from 173 meters to 169 meters a displacement constraint at the toe of 
landslide gradually reduced, and deformation at front border is bigger than rear border, and displacement 
vectors towards outside slope, so reservoir water dropdown would lower the stability of such 
accumulation landslide, and then the left part of landslide revived. 
The research not only provides a scientific foundation for accurate prediction of landslide, but also 
gives an important reference value for revival deformation mechanism of similar landslide. 
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